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CHAPTER I
INTRODUCTION
Cancerous cells may be defined as those which characterize malignant
tumors, irrespective of their origin. A malignant tumor (L. malignus,
wicked) is one which can thrive at the expense of the organism and unless
eliminated, will cause death. Cowdry (‘56) stated that the ability to
spread unrelentingly and produce secondary tumors in other parts of the
body is ~‘egarded as a universal criterion of malignancy.
Tissue culture provides a means by which cells can be kept alive for
either long or short periods outside of the intact organism. Ross Harrison
(‘07) performed an experiment which demonstrated the continuation of normal
differentiation ~ vitro and offered a reproducible technique that marked
the true beginning of tissue culture. Harrison explanted small pieces of
tissue from the medullary tube of frog embryos in frog lymph. When kept
under aseptic conditions, the fragnents survived for sewral weeks and axons
grew out from the cells. Thus, tissue culture provides a method by which
precise information concerning the nutrition and/or metabolism of cells may
be obtained.
This study was made in an attempt to determine whether or not a digest
prepared from the pituitary gland would influence the growth rate of cells





Paul (t60) has indicated that Wilhelm Roux~s experiment, in which the
medu].lary plate of a chick embryo was maintained in warm saline for a few
days, was performed in 1885, and was the first recorded instance of a success
ful explantation. He also indicated that at about the same time Arnold (1887)
implanted fragments of alder pith into frogs. When these fragments had become
invaded by leucocytes he removed them to a dish of warm saline and subsequently
obserwd that they migrated out and survived for a short period of time. Paul
further stated that in 1903, Jolly performed experiments which marked the
first detailed observations on cell survival and cell division ~ vitro.
Jolly maintained leucocytes from the salamander in hanging drops for approxi
mately a month. According to Paul, this study was followed three years later
by a paper written by Beeke and Ewing, which recorded a genuine attempt at
tissue culture. They described the cultivation of infected canine lympho—
sarcoma in blood from resistant and susceptible animals.
Evans and Long (‘21) studied the effect of the anterior pituitary lobe
upon growth in the rat. They prepared an extract from Bovine pituitary glands
which was capable of augmenting growth. The anterior lobes were dissected
from fresh pituitary glands, immersed for 5 mm. in 30% alcohol, rinsed
thoroughly in sterile Lockes solution, titrated with a small amount of sand,
and centrifuged for half an hour. After centrifugation, the supernatant fluid
was injected into the peritonea]. cavity in amounts from one-eighth to one
cubic centimeter. The first dose was given when the animals were 14 days old.




of age. They obser~ed that juvenile rats which received injections of the
extract daily, exceeded the control rats in body weight and in skeletal di—
meneions. t~hile the cartilaginous disk of the long bones of the rat did not
ossify throughout life, the normal adults did attain a level at which there
was no appreciable increase in weight. In conclusion, these investigators
reported that intraperitoneal injections of hypophyseal extract caused the
experimental animals to gain steadily in size and weight, while the control
or untreated litter mates reached the level of adulthood and showed no appre
ciable growth. The adult female rats did not exceed a weight of 300 gm.,
while females that received the hypophyseal extract attained a weight of 700
~n.
Moon, Simpson, Li and Evans (‘50) studied neoplasm in the adrenal glands
of rats in relation to growth hormone administration. The adrenal glands of
the experimental rats were injected with the pituitary growth hormone and
those of the contrDl rats with albumin. The adrenal glands were removed,
dissected free of fat, weighed, fixed, sectioned serially, and stained with
hematoxylin and eosin. They obser~ed that the glands of the control rats
were fairly uniform in appearance, and the weight of a single gland varied
from 23 to 48 mg. Microscopically the glands were characterized by cortices
of uniform thickness. The medullae of the glands of nearly all animals were
uniform in size and amount. The medullary tissue was composed of polyhedral,
crescentric cells with hyperchromatic nuclei and granular cytoplasm. The
weight of the adrenals of the experimental rats ranged from 27 to 200 mg.
The medullae of al. glands were enlarged and the medullary cells had more
abundant pale cytoplasm and large vesicular nuclei. They observed that in
addition to medullary hypertrophy and hyperplasia, there were nodular areas
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of varying sizes composed of atypical cells in the medullae of 9 rats. The
cells in most of the nodular areas were small, with scanty cytoplasm, and
hyperchromatic nuclei.
These investigators concluded that the remarkable frequency which hyper
plastic and neoplastic lesions of the adrenal medulla occurred in the ex
perimental rats, and the absence of similar changes in the control rats, in
dicated that these changes were directly related to the prolonged adminis
tration of the growth hormone. They further reported that the adrenal
cortices of the rats injected with the pituitary hormone showed an increase
in nodularity as compared with the controls. The adrenal medullary tissue
increase in amount in all rats injected with the growth hormone, with the
increase being due to cellular hypertrophy and proliferation. In 10 of the
15 rats injected with pituitary hormone, there were areas of neoplastic cells
that displaced and invaded the adrenal cortex.
Moon et a].. (‘50) studied neoplasms in pulmonary and lymphatic tissues
in rats in relation to growth hormone administration. They injected 15 fe
male rats of the Long—Evans strain, 237 to 239 days old, with pure pituitary
growth hormone, 6 days weekly, for a maximum of 485 days. A similar group
of adult female rats received comparable amounts of an inert protein. The
rats were sacrificed after from 483 to 485 days, following the pituitary
growth hormone administration, and the pulmonary and lymphatic organs were
examined. They observed that lymphosarcoma of the lung occurred in 6 of the
experimental rats, while similar tumors were not found in the controls. In
all of the experimental rats, hyperplasia was located in the peribronchial
lymphoid tissue. They indicated that the lymphosarcomas were confined to the
pulmonary tissue to a greater extent than the hilar lymph nodes. In some
rats, small areas of lymphosarcornatous transformations were found in the
peribronchial tissue of the lung, which did not contain the major mass of
the lymphosarcoma.
In conclusion, these investigators reported that the lymphosarcornas in
the rats injected with the growth hormone were primary tumors of pulmonary
tissues which originated in areas of peribronchial lyniphoid hyperplasia.
They stated that the repeated injection of the adult female rats with pure
hormones for long periods, resulted in a continuous general body response
similar to that previously reported.
Baker and Carrel (‘28) studied the effects of peptic digestion products
from the anterior lobe of the pituitary gland on growth of a pure strain of
sarcomatous cells which had been maintained several months ~ vitro. They
prepared the pituitary digest by incubating 12 gm. of finely ground anterior
pituitary lobes of calves in 120 cc. of five—tenths per cent pepsin in N/20
hydrochloric acid for 16 hrs. After incubation, the pH was adjusted to 7.0
and the solution boiled to half its original volume, centrifuged, rendered
isotonic and finally adjusted to a pH of 7.4. The solution was diluted with
Tyrode to various concentrations and added to the culture medium.
They observed that the growth rates of sarcomatous fibroblasts in the
pituitary digest and their controls in chick embryo juice were approximately
equal. They further observed that not only was the rate of growth in the
pituitary digest as great as that in the embryo juice, but the cells remained
in excellent condition, in that they did not possess the fatty degeneration
characteristic of cells cultivated in pure protein digests. After colonies
of sarcomatous fibroblasts had been cultivated for three months in pituitary
digest, their proliferative activity was as great as it was at the beginning
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of the experiment. They concluded that the increase in volume of the colonies
which had occurred in the pituitary digest was approximately the same as that
which had occurred in the chick embryo juice.
LeFlore (‘55) studied the effects of 16 to 17—day pituitary explants on
the growth rate of cells from limb bud fragments of 4 to 5-day embryonic
chick. He prepared control and experimental cultures of the limb bud frag
ments using the hanging drop and the Carrel flask methods. The control
cultures were of two types, one contained a limb bud fragment explanted alone,
while the other contained two limb bud fragments explanted in the same medium.
The experimental cultures contained a fragment of the pituitary gland ex—
planted in the same medium with the limb bud fragments. The growth rate of
the explants was measured with an ocular micrometer.
LeFlore obserwd that in the hanging drop series of experiments the
cultures which contained one limb bud fragment explanted alone grew at a
rate higher than that of those which contained two limb bud fragments ex—
planted in the same medium. The experimental cultures which contained a
limb bud fragment explanted in the same medium with a pituitary fragment
grew at a rate which was higher than either of the controls. In the Carrel
flask series, the cultures which contained two limb bud fragments grew at a
rate slightly greater than the cultures which contained a limb bud explanted
alone. He obser’~ed that those which contained a limb bud fragment explanted
in the same medium with a pituitary fragment grew at a rate higher than either
controls of the Carrel flask series. In conclusion, he reported that the
higher growth rate of the limb bud fragment, when explanted with a pituitary
fragment, was due to the presence of a “growth hon~one” elaborated by some
of the cells of thern pituitary gland fragment.
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According to Gaillard (Bourne and Danielli ?55) Verdam, studied the ef
fects of explants from the anterior hypophysis on growth and differentiation
of the primordial extremities of embryonic rats. He cultured a number of
these explants taken from the anterior hypophysis of the rat in a fluid medium.
After 24 hrs. of incubation at 37°C., in order to remove low molecular cat.abo
lites, the resulting fluid, called “hypophysis fluid”, was tested for its ef
fect on rat embryos when used in different concentrations. In the first
series, 13 anterior and 15 posterior limb primordia of 17 mm. (crown rump
length) rat embryos were used. In the controls, the fluid medium was com
posed of 5% adult rat serum and 5% pressed juice from 25 mm. embryos in physi
ological saline solution. In the experimental cultures, the “hypophysis fluid”
was added to the above medium. He obser~.ed that addition of the “hypophysis
fluid” produced some differentiation and good preservation of histological
structure. After 6 days of cultivation in full strength or diluted “hypophy—
sis fluid”, there was an increase in the length of the diaphyseal zone, which
contained swollen cartilage cells, and perichondral ossification had progressed
in length and breadth.
In a second series, he added “hypophysis fluid” that had been diluted to
a particular concentration to the fluid medium and explanted 15 anterior and
19 posterior limb primordia of 19 mm. embryos into the medium. Verdam ob
served that in the controls the primordia showed similar differentiation for
approximately 4 days. The radius and ulna showed more swollen cells toward
the epiphysis, slight endochondral ossification and an increase in length of
the perichondral bone sheath. He noted that in the experimentals there was
increased perichondral ossification. The perichondral layer had increased
24% in length in the perichondral bone sheath as compared to 7% in the ex—
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plants cultivated without the “hypophysis fluid”. In conclusion, Verdam
indicated that the “hypophysis fluid” must have changed the medium in such
a manner that a stimulating effect on some of the histological differentia
tion of the embryo occurred.
Anderson and Haymaker (‘36) studied the elaboration of hormones by
pituitary cells grown in vitro. They removed the pituitary gland from 8—
day old rats, placed them in Tyrode’s solution, and separated the anterior
from the posterior lobe. The anterior lobes were planted in lots of 5 glands,
while the posterior lobes were in lots of 10. The Carrel flask culture method
was used. A medium that contained six—tenths cubic centimeter of rat plasma,
three—tenths cubic centimeter of Tyrode’s solution and three-tenths cubic
centimeter of chick embryonic tissue extract was used. The cultures were
incubated at. 38.50C. for 6 days. After the incubation period, the anterior
lobe explants were removed from the flasks and minced in Tyrode’s solution.
For the controls, an equivalent number of pituitary glands were removed from
rats of the same age and set aside without being cultured. They found that
when the experimental (cultured) preparation was injected into hypophysectom—
ized rats it produced an increase in the amount of tissue and definite hor
monal restorative effects on the thyroid, adrenals and ovaries of the hypophy
sectomized rat. These effects, however, were no greater than those produced
by an extract of an equivalent number of “non—cultured” pituitaries.
CHAPTER III
M,VtERIALS AND METHODS
Crocker albino mice used in these experiments were secured from the
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. The mice were
received at the Atlanta University Biological Laboratories on October 31,
1962. The shipment contained 10 BALB/CJ (mixed sex) mice, and three which
were inoculated with Sarcoma 180 tumor material on October 29, 1962 prior
to being shipped. All mice were 5 weeks old at the time of arrival. The
10 BALB/CJ mice were designated as experimental animals and the mice inocu
lated with Sarcoma 180 were designated as donor animals, from which the
tumor materials used in the routine transplantations were subsequently ob
tained. The mice were placed in individual containers, fed Purina dog chow
and received water ad-libitum. They were kept in a constant temperature
room.
All instruments and glassware used throughout this investigation were
sterilized in the usual manner.
The tumors of the host animals were usually palpable after 5 days and
transplantable after 10 days. The method of tumor transplantation as recom
mended by the Roscoe B. Jackson Memorial Laboratory was employed. The donor
mouse was anesthetized with ether and sacrificed by removing the head with
sharp sterile scissors. The skin in the region of the tumor was swabbed
with alcohol and removed with sterile scissors and forceps. The tumor was
removed from the donor with sterile scissors and placed in a sterile Petri
dish. The tumor was macerated until it was of a pulp-like consistency, and
placed with sterile forceps and a small glass rod into the trocar (Becton—
Dickinson, BD 13 needle).
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The experimental mouse that received the macerated tumor was anesthe
tized with ether; the trocar was inserted subcutaneously in the hip and
pushed forward to the axillary region. The macerated tumor (implant) was
forced out by the blunt plunger of the trocar. The trocar was withdrawn
through a constriction formed by grasping the skin with the forefinger and
thumb just above the tip. This prevented the implant from being pulled out
of place. After removing the trocar, the area of the recipient animal
where it was introduced was swabbed with alcohol. Following the introduction
of the implant, the experimental mice were placed in individual containers
and subsequently used as a source of tumor materials in the tissue culture
experiments.
Two methods of tissue culture were used in these experiments, the hang
ing drop slide culture and the Carrel flask methods. For the slide culture
method, single depression and Maximow slides were used. For the Carrel
cultures, only Carrel flasks were used.
For each group of experiments performed, the same number of control and
experimental cultures were made. This number comprised a minimun of 9 slides
and three Carrel flasks. The experimental and control cultures were main
tained under the same environmental conditions at all times.
Fowl plasma and embryonic extract were used as the culture media. The
dessicated chicken plasma, control number 45429, horse serum (liquid), con
trol number 442248, and reconstitution fluid, control number 440456 were ob
tained from Difco Laboratories, Detroit, Michigan. The dessicated plasma,
obtained in 5cc. vials, was prepared for use by slowly dissolving it in 4.5cc.
of reconstitution fluid and stored in paraffined tubes.
The embryonic chicken extract was prepared from 9-day old embryos, the
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eggs for which were secured from a local hatchery and incubated at 37°C.
The eggs from which the embryos were to be obtained were removed from the
incubator and placed in an aluminum pan lined with cotton. Each egg was
held in a steady position by the thumb and forefinger, and the shell was
cleaned with 90% alcohol. A small hole was made in the shell with the handle
end of a scalpel. The hole was enlarged by removing small pieces of the
shell and shell membrane with a pair of forceps. A pair of curved forceps
were slipped under the neck of the embryo, by means of which it was carefully
lifted from the egg and placed in a Petri dish that was partially filled with
Earle’s solution. After the desired number of embryos were obtained, the
Petri dish was covered and the embryos were rinsed in order to remove ex
cessive blood and yolk material. Following rinsing, the embryos were placed
in another Petri dish that contained Earle’s solution. The embryos were then
removed from the Petri dish and placed in the barrel of a large syringe. The
plunger of the syringe was gently inserted, and the embryos were expressed
into a graduated cylinder. An equal volume of Earle’s solution was measured
and added to the macerated embryos. The mixture was stirred with a small
glass rod, placed in centrifuge tubes, corked, and allowed to stand for 30
mm. at room temperature. It was then centrifuged for 30 mm. at 2,000 RPM;
the supernatant was removed with a small pipette and placed in small culture
tubes. The tubes were sealed with cork stoppers and stored under refrigera
tion until used.
The mouse pituitary powder whole NP VII, control number 2239, was se
cured from Nutritional Biochemical Corporation, Cleveland, chio. The pitu
itary digest was prepared according to the mdified method of Baker and Carrel
(‘28).. The digest was prepared by incubating 10 gm of pituitary powder in
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100 ml. of 0.5% pepsin in N/20 hydrochloric acid for 20 hrs. at 37°C.
Following incubation, the pH of the solution was adjusted to 7.0 with a
N/b solution of sodium hydroxide. The solution was boiled to half its
original volume, centrifuged at 4,000 RPM for 45 mm., and the supernatant
was carefully removed with a pipette. The sediment was placed in a small
beaker and rendered isotonic with a 0.9% sodium chloride solution. The so
lution was adjusted to a final pH of 7.4. The pituitary digest was then di
luted with Earle’s physiological salt solution to various concentrations.
The prepared concentrations of the pituitary digest were placed in tubes,
corked and stored under refrigeration until used.
All of the experiments were performed under sterile conditions. The
tissue culture laboratory was cleaned before any work was begun. The tables
were washed with a soap solution and wiped with 95% alcohol prior to each
experiment. The culture table was provided with a 40 x 76 mm. rectangular
glass plate. In preparation for each experiment, the glass plate was washed
with a soap solution and wiped with 95% alcohol. The cannisters were placed
in a convenient position on the culture table. The materials used in the
experiment were removed from the cannisters and placed on a sterile cloth
on the glass plate. The tubes which contained the various media were placed
in a Berzelius beaker and situated in an accessible position on the tissue
culture table.
The Sarcoma 180 tumor was removed from the experimental mouse after from
10 to 20 days following the initial transplantation. The mouse was anesthe
tized with ether and sacrificed. The skin in the region of the tumor was
swabbed with alcohol and removed with sterile scissors and curved forceps.
The tumor was placed in a Petri dish that contained Earlets solution after
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which the peripheral portion was removed and transferred to a second Petri
dish that contained Earlets solution. The peripheral portion of the tumor
was macerated with a round blade scalpel and a tissue teaser. The pieces
of tumor were similar in size and density. The pieces were transferred with
curved forceps to a third Petri dish that àontained Earle’s solution and
S—R—S penicillin—streptomycin in 9-i- to one—half ml. concentration ratios re
spectively. The S—R—S penicilliri—streptomycin was obtained from Parke Davis
and Company, Detroit, Michigan and was added to the Earle’s solution in or
der to retard bacterial growth in the cultures. The pieces of tumor were
kept in a covered Petri dish until used.
For the preparation of the single depression slide cultures, 5 cover—
slips were placed with small forceps in the bottom portion of a Petri dish
which was later covered with the top portion. To prepare the control cul
ture a drop of plasma was pipetted on to the center of the coverslip. A
similar drop of embryonic extract was added to the drop of plasma. The
plasma and extract were allowed to stand for 5 mm. or until coagulation had
occurred. Following coagulation, a piece of the tumor (explant) was placed
in the center of the clot and arranged in such a manner that the tissue was
against the surface of the coverslip. The experimental cultures were pre
pared in the same manner, as the controls, except that a drop of pituitary
digest diluted to a particular concentration was added to the plasma and
extract. The coverslip was removed from the Petri dish and mounted over the
well of the slide. The coverslip was sealed to the slide with paraffin and
the slide was labelled.
The preparation of the Maximow slide cultures was similar to that of the
single depression slide cultures. A drop of plasma was pipetted on the center
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of the coverslip and a drop of embryonic extract was added to the drop of
plasma. The plasma and extract mixture was stirred gently and allowed to
clot. The coverslip was mounted over the well of the Maximow slide, sealed
with paraffin, and the slide was labelled. The experimental cultures were
prepared by adding a drop of pituitary digest diluted to a given concentra
tion to the plasma—extract mixture. To maintain uniformity in the amount
of media used, the same volume of plasma, extract and pituitary digest was
used in the preparation of all the slide cultures. All cultures were placed
in flat boxes and kept in an incubator at 37°C. The humidity in the incuba
tor was maintained by placing tap •water in a sand—filled culture dish.
A two phase medium was used for the Carrel flasks. The first phase was
a coagulum and the second was a supernatant fluid. A Carrel flask was placed
on the culture table with the neck of the flask to the right of the operator.
The cotton stopper was removed and three—tenths cubic centimeter of plasma
was placed on the floor of the flask with a graduated pipette. A platinum
spatula was used to spread the plasma out in a circle which extended near
the edge of the floor of the flask. Using different graduated pipettes, one—
tenth cubic centimeter of extract and six-tenths cubic centimeter of Earle’s
solution were added to the plasma in the flask. The explants were transferred
to the flask and embedded in the medium with a platinum spatula. The explants
were arranged near the center of the flask in order to better facilitate sub
sequent study. The flask was plugged with cotton and allowed to stand until
the medium coagulated. Following coagulation, the cotton plug was removed
and three cubic centimeters of Earle’s solution was introduced into the flask.
The neck of the flask was flamed and closed with a rubber stopper. The flasks
were placed in the incubator for one or two hours.
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Following this period of incubation, the flasks were removed from the
incubator and the Earle’s solution was removed leaving only the supporting
fibrin of the medium. Five—tenths cubic centimeter of the supernatant fluid,
which consisted of 40% Earle’s solution, 20% extract and 40% horse serum,
was added to the flask in the control cultures. For the experimental cul
tures twenty-five hundredths cubic centimeter of the supernatant fluid and
twenty—hundredths cubic centimeter of pituitary digest of a particular con
centration were added to the flask with graduated pipettes. The neck of the
flask was flamed and closed with a rubber stopper. The flask was placed in
the incubator at 37°C. The supernatant fluid in both control and experimental
cultures was changed every two days. Each culture was washed in three cubic
centimeters of Earle’s solution for from 10 to 15 mm., and five—tenths cubic
centimeter of fresh supernatant fluid was added to each culture.
The slide cultures were usually maintained from 5 to 9 days. In each
experiment several control and experimental cultures were removed after a
particular period of incubation and stained with 5% Harris’ hematoxylin.
Several slide cultures were taken from each experiment and photomicrographs
were made of living and stained cultures. Due to optical difficulties en—
counted, no photomicrographs were made of the Carrel flask cultures. The
Carrel cultures were maintained for two weeks.
A modified technique of Swift, Moen and Vaubel, as employed by Leflore
(‘55), was used in measuring the growth of the cultures. An ocular micrometer
which contained units that coincided with the graduated units on the stage
micrometer was placed in the lOX ocular of a microscope. Each unit of the
ocular micrometer was 0.069 millimeter. The first measurement was made after
24 hrs. of incubation and all measurements thereafter were made daily. The
fl 1 ‘.h~flthAhfl •il~i~t~litIi~ ,!lIflb~
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slide was placed on the stage of the microscope arid the growth was measured
through two axes, by rotating the ocular 90° after a measurement in a single
axis was made. The low power objective (lox) of the microscope was used in
making all of the measurements.
The Carrel flask was inverted on the stage of the microscope and a
measurement was made of each explant in the flask. The measurements were
made through both vertical and horizontal axes of the explants.
The measurement formulae used in making the calculations were as follows:
1. For the average radius of a given group for a given days
r sum of all axes
~ x number of explants
2. For approximate average areas:
2A ~rr






rO average radius of original explant
rx = average on any day following initial measurements
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CHAPTER IV
EXPERIMENTAL RESULTS
The observations reported below are based on representative samples of
control and experimental cultures from the hanging drop and the Carrel
flask series of experiments.
Genera lObse rvat ions
Control and Experimental Cultures in the Hanging Drop Series
Upon observation, after 24 hrs. of incubation, the explants appeared to
have become acclimated to the medium. The centers of the explants were
usually opaque, while their peripheries were rather clear. In several cul
tures, there were a few ameboid, wandering, cells in close proximity with
the explants. Fibroblasts were observed extending from various regions of
the explants into the culture medium. In most of the cultures, cellular
outgrowth extended from the peripheries of the explants into the surrounding
medium. After 48 hrs. of incubation, the cellular outgrowths appeared more
circular and mitotic figures were observed in many of the cells. The cells
contained large nuclei, with conspicuous nucleoli, slightly granular cyto
plasm and showed considerable range in size. Most of the cells were mono—
nucleate, hut occasionally, bi— and multinucleate cells were observed. They
varied in shape from small spherical to long spindle cells. The nuclear
material in many of the mononucleate cells was not always in a centrally lo
cated mass but rather, in many instances, it was concentrated at one end of
the cell (Fig. 1). The concentration of cells in both the control and ex
perimental cultures was approximately the same throughout a given region.
After approximately 5 days of incubation, the culture medium had become less
17
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viscous and cytolysis occurred in the cells of several of the cultures
(Figures 2 and 3).
Control and Experimental Cultures in the Carrel Flask Series
After 24 hrs. of incubation, the general appearance of the cultures in
these series was similar to those in the hanging drops. There were, however,
more ameboid, wandering, cells in the immediate vicinity of the explants.
Fibroblasts extended from the explants into the culture medium. After two
days of incubation, cellular outgrowth had extended from the peripheries of
the explants into the medium; in some cultures, mitotic figures were observed
in many of the cells. The structural features and nuclear number of these
cells were similar to those obser~ed in the cultures of the hanging drop
series. The nuclear material, as was observed in the cultures of the hang
ing drop series, was not always located centrally, but instead it was oc
casionally located at one or both ends of the cells. The general appearance
and growth patterns of the control and experimental cultures were quite simi
lar. After 5 to 6 days of incubation, cytolysis was observed in the cells
of several of the cultures.
Measurements
The results of the measurements are shown in 6 tables and three graphs.
The cultures that contained an explant in the plasma-extract medium alone
served as controls. The cultures that contained an explant in plasma-extract
and pituitary digest, diluted to a particular concentration, as a medium
served as experimentals. The experimental cultures were designated E1, E2,
E3, E4, E~, E7, E10, and E20, in which the arabic number referred to the
percentage concentration of the pituitary digest which was added to the cul
ture medium. This schematic arrangement was used for cultures in both the
IddIft~hü ~n~flbAab~dIi ,IIlbI~.frb
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hanging drop and the Carrel flask series. The average radii, average areas
of growth, and relative growth increments are shown in tables one to 6.
Logarithmic averace areas of growth (millimeters) plotted against the number
of days of incubation are shown in graphs 1, 2, and 3.
Control and Experimental Cultures in the Hanging Drop Series
The first measurements were made after 24 hrs. of incubation and all
measurements thereafter were made daily. For the controls, the average
radius at the initial measurements was 0.464 millimeter and 1.152 millimeters
at the final measurements (Table 1). The average area of growth was 0.095
millimeter2 at the first measurements and 4.177 mm2 at the final measurements
(Table. 2). The relative growth increment was 1.62 millimeters for from the
first to the thirë day and 5.46 mm. for from the first to the 7th day of
incubation.
In the experir~ental cultures, the average radii and areas of growth of
E1, E2, E4, E~, B7, and were greater than that of the controls (Tables
1 and 2; Figures ~ and 5). For the average radius at the initial
measurements was 0.268 millimeter and 1.118 millimeters at the final measure—
2rnents. The average area .of growth for was 0.226 millimeter at the
initial measurements and 3.925 mm.2 at the final measurements. The average
radii and areas of growth of cultures B1, E2, B4, E5, and E7 inereased di
rectly with the percentage concentration of pituitary digest added to the
culture medium; wi-ereas, with E10 and all other cultures with greater con
centrations of pituitary digest, the average radii and areas of growth de
creased inversely with the percentage concentration of pituitary digest used.
The average radius of E~ was 0.787 millimeter at the initial measurements
and 2.294 millimeters at the final measurements. The average area of growth
for E5 was 1.942 trill imeters2 at the first measurements and 16.523 mm.2 at
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the final measurements. The average radius and area of growth of E5 was
greater than that of all other experimental cultures and the controls. The
relative growth increments of all the experimental cultures, except E1, ex
ceeded that of the controls for any given two day-interval (Table 3).
Control and Experimental cultures in the Carrel Flask Series
The initial measurements were made after 24 hrs. of incubation and all
subsequent measurements were made daily. For the controls, the average radius
at the initial measurements was 0470 millimeter and 1.152 millimeters at the
final measurements (Table 4). The average area of growth was 0.662 millimeter2
at the first measurements and 5.587 ~2 at the final measurements. The rel
ative growth increment was 0.752 millimeter for from the first to the third
day and 5.35 mm. for from the first to the 7th day. The average radii1 aver
age~ areas of growth and relati~ growth increments of all the experimental
cultures were greater than that of the controls (Tables 4, 5 and 6; Graph
3). There was a gradual increase in the average radii and areas of growth
of cultures E1 arid E5, which was directly proportional to the percentage con
centration of the pituitary digest. For E10, there was a slight decrease in
growth as compared with the other experimental cultures. The highest growth
rate occurred in E5. The average radii and areas of growth of all the cul—
tures in the hanging, drop series were greater than both control and experi




The results of this investigation indicate that the cells varied in size
and many were mono-, bi— and multinucleated. These results are similar to
those of Cowdry (‘55), who stated that, in ascites tumor of mice, there
could be no doubt that polyploidy was fairly common in malignant cells and
that it promoted an increase in the size of the cells. He further indicated
that some multinucleated giant cells were produced by the fusion of several
mononucleated cells, accompanied by the enclosure of all them in a single
cell membrane. In this investigation, the nuclei or some of the mononucleated
cells had no definite position in the cytoplasm and, in several cells, they
were ‘clumped” in the peripheral cytoplasm with a large central area free
from nuclei. According to Cowdry, such occurrences are typical of malignant
cells.
In the hanging drop series of experiments, the cells of the cultures
that contained an explant in plasma—extract and pituitary digest, of a given
concentration, grew at a rate higher than those of cultures with a similar
explant in the plasma—extract medium alone. In a study of the effects of
peptic digestion products from the anterior pituitary lobe on the growth rate
of sarcomatous fibroblasts, Baker and Carrel (‘28) found that the growth rates
of the sarcomatous fibroblasts in the pituitary digest and their controls in
chick embryo juice were, approximately equal. They further reported that the
increase in volume of the colonies which occurred in the cultures in pituitary
digest was similar to that which occurred in those in the chick embryo juice.
In these experiments, there seem to have been “optimal” concentrations,
at which the effects of the pituitary digest on the growth of the cells was
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most pronounced. These concentrations of pituitary digest were 2%, 4%, 5%,
7% and 10%. With these concentrations, there was an increase in the area
of growth of the cells, which was directly proportional to the increase in
the concentration of the pituitary digest added to the medium. However, 5%
pituitary digest was found to be the most suitable concentration for the area
of growth of the cells of cultures grown in such a medium exceeded that of
all other experimental and control cultures.
In the Carrel flask series of experiments, the cells of the experimental
cultures grew at a rate higher than those of the control cultures. However,
the cells grew at a slower rate than those of the cultures in the hanging
drop series. This fact seems to indicate that the several explants in the
Carrel flask were not mutually benefited. According to LeFlore (‘55),
Buchshaum agreed with the concept that cells in tissue culture are not mutu
ally beneficial. He found that, in hanging drop cultures, when two tissue
explants were grown in the same medium, some distance apart, the growth rate
of these explants was slightly better than that of those placed close to
gether. According to him, larger volumes of medium favored growth, but the
quantity of cellular growth from tissues may be a function of the edge and
diameter of the explant. Conversely, LeFlore indicated that cells in tissue
culture seem to have been mutually benefited. He found that, in the Carrel
flask series, the cultures that contained two limb bud fragments grew at a
rate which was slightly greater than the cultures that contained a limb bud
explanted alone. He further indicated that in the Carrel flask cultures,
the availability of nutrient material in relation to the size of the explants
probably influenced the rate of cellular growth.
For the Carrel cultures, there also seem to have been “optimal” concen—
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trations of pituitary digest to be added to the culture medium. These con
centrations were 2~, 5% and 10% and there was an apparent increase in the
area of cellular growth, which was directly proportional to the increase
in the concentration of the pituitary digest. The highest rate of cellular
growth occurred in cells of cultures grown in a medium, to which 5% pituitary
digest had been added.
It is interesting to note that with any concentration of pituitary digest
above 10%, there was a retardation in the rate of cellular growth, with the
decrement in growtri being nearly always inversely proportional to the increase
in the concentration of the pituitary digest. The retardation in the rate of
growth of the cells of cultures in both the hanging drop and the Carrel flask
series was probably influenced by the increased clot density of the medium,
in which the cultures were grown. In both cases (i.e. Carrel flask and hang
ing drops) the high growth rate of cellular outgràwth may be explained on
the basis that, the pituitary digest was active in these cultures and elabo
rated a “growth—influencing” substance, which in turn influenced the rate of
cellular growth of the cultures.
• The results reported in these experiments agree with those of Verdam
(Bourne and Danielli. ‘53), who studied the effect of “hypophysis fluid” on
growth and differertiation of the primordial extremities of embryonic rats.
He reported that the “hypophysis fluid” must have affected the medium in




1. An in vitro study has been made on the effects of pituitary digest on
the growth rate of cells of Sarcoma—180 from Crocker albino mice
grown in hanging drops and Carrel flasks.
2, In the hanging drop series, the cells of the cultures that contained
an explant of Sarcoma-180 in plasma—extract arid pituitary digest, of a
particular concentration, grew at a rate which was higher than that of
the controls.
3. In the Carrel flask series, the cells of the experimental cultures
grew at a rate which was higher than that of the controls. Although
the rate of cellular growth of the experimental cultures was higher
than that of the controls, the rate of cellular growth was less than
that of the experimental cultures in the hanging drop series.
4. In both the hanging drop and Carrel flask series, 2%, 4%, 5%, 7% and
10% of pituitary digest were found to be the “optimal” concentrations
when added to the culture medium. There was an apparent direct increase
in the growth rate of the cells with an increase in the concentrations
u~ to 10%.
5, With 10% and higher concentrations of pituitary digest, the obvious
retardation in the rate of growth of the cells was probably related to
the increase in the clot—density of the medium.
24
U j! ~ ~ ~LIUUJ.
25
6. Under the conditions of these experiments, it is concluded that the
high growth rate of the cells of the cultures, when grown in a medium
that contained pituitary digest as a component, may have been due to
the presence of a “growth—influencing” substance present in the pitui
tary digest.
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TABLE 1
THE AVERAGE GROWN RADII AND STANDARD DEVIATIONS OF CC~TROL MD
EXPERIMENTAL CULTURES OF THE HANGING DROP SERIES
Average Radii ~ Stand’ard Deviation
Culture 1st 2nc~ 3rd 5th 7th 1st 2nd 3rd 5th 7th
~ay~y~ ~ Pay ____ ___________
Control .464 .663 .788 .902 1.152 0.12 0.24 0.26 0.36 0.42
1% P.D. .558 .742 .872 1.096 1.236 0.24 0.15 .06 0.24 0.22
2% P.D. .562 .713 1.021 1.275 1.628 0.36 0.21 0.18 0.33 0.45
4% P.D. .700 1.140 1.40 2.00 2.008
E5
5% P.D. .787 1.165 1.520 2.099 2.294
E
7% ~.D. .687 .970 1.10 1.870 1.980
.504 .728 1.013 1.56 1.79
10% P.D.
20% PD. 268 .456 .667 .961 1.118 0.15 0.36 0.42 0.30 0.63
Key P. D. = Pituitary Digest
I! .1 hñ~.~M.II ~~MDI~kihb.aI
TABLE 2
THE AVERAGE AREAS OF ~OW~H OF CONTROL AND EXPERIMENTAL
CULTURES IN THE HANGING DROP SERIES
Culture Average Areas of Growth mnr.
1st Day 2nd Day 3rd Day 5th Day 7th Day
Control 0.095 1.380 1.973 2.555 4.177
1% P.D. 0.379 1.729 2.419 3.772 4.197
B2
2% P.D. 0.992 1.616 3.252 4.769 8.325
B4
4% P.D. 1.153 4.080 6.154 12.56 12.656
5% P.D. 1.942 3.966 7.255 13.835 16.523
7% P.D. 1.481 2.854 3.799 10.980 11.310
10% P.o. 0.794 1.664 3.222 7.633 10.060
20% P.O. 0.226 0.653 1.397 2.897 3.925
Key — P. D. = Pituitary Digest
F) r‘.0
TABLE 3
THE RELATIVE ~OW~H INCREMENT OF CONTROL AND EXPERIMENTAL
CULTURES IN THE HANGING DROP SERIES
Culture Relative Growth Increment mm.
1—3rd Day 1-5th Day 1—7th Day
Control 1.62 2.82 5.46
1% P.D. 0.742 2.85 3.26
E2
2% P.D. 2.30 4.14 7.38
4% P.O. 3.0 7.16 7.23
E5
5% P.D. 2.7 6.99 7.49
B7
7% P.O. 1.56 6.43 7.36
E13
10% P.O. 3.03 7.04 9.0
20% P,D. 4.18 12.16 16.32





THE AVERAGE GROWTH RADII AND STANDARD DEVIATIONS OF ~)NTROL
AND EXPERIMENTAL CULTURES OF THE CARREL FLASK SERIES
Average Radii ~. Standard Deviation
Culture 1st 2nd 3rd 5th 7th 9th 1st 2nd 3rd 5th 7th 9th
Day Day — Day Day Day Day Day Day Day Day Day Day
Control .470 .504 .608 .948 1.151 1.333 0.33 0.34 0,47 0.47 0.49 0.43
E2
2% P.O. .462 .581 .640 1.001 1.237 1.421
F5
5% P.O. .536 .698 .776 1.216 1.536 1.73
E10
10% P.O. .478 .521 .610 .967 1.178 1.387
Key — P. D. = Pituitary Digest
TABLE 5
THE AVERAGE AREAS OF G~OWTH OF CONTROL AND EXPERIMENTAL
CULTURES IN THE CARREL FLASK SERIES
2
Culture Average Areas of Growth mm.
1st Day 2nd Day Day 5th Day 7th Day 9th Day
Control 0.662 0.798 1.061 2.834 3.251 5.587
E2
2% P.D. 0.60 0.892 1.286 3.146 4.804 6.340
E5
5% P.D. 0.870 1.539 1.881 4.644 7.087 9.529
E10
10% P.D. 0.717 0.922 1.683 2.936 4.358 6.068
Key — P. D. Pituitary Digest
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TABLE6
THE RELATIVE GROWTH INCREMENT OF CONTROL AND EXPERIMENTAL
CULTURES IN THE CARREL FLASK SERIES
Culture Relative Growth Increment mm.
1—3rd Day 1—5th Day 1-7th Day 1-9th Day
Control 0.752 3.23 5.35 7.42
E2
2% P.D. 0.875 3.68 6.11 8.45
E5
5% P.D. 1.09 4.10 7.21 9.41
E10
10% P.D, 0.672 3.08 5.11 7.32
Key — P. D. Pituitary Digest
32
I






(Explanation of Graph 9
This is a graph showing the averag, area of growth per unit time for
K4, %, E~ and centrol cultures In the hanging drcp series.
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~dinate axis shows logarittaic area of growth. Abscissa axis shows
length of time in days.
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(Explanation of ~ 9
This is a graph showing th. average area of growth per unit time for
Bi, E2, L,~, % and control cultures in the hanging drop series.
F
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Ordinate axis shows logarithmic area of growth. Abscissa axis shows
length of time in days.
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This is a graph showing the average area of growth per unit time for
E2, E5, E10 and control cultures in the Carrel flask series.
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3
Ordinate axis shows logarithmic area of growth. Abscissa axis shows
length of time in days.









This is a photomicrograph showing the position af nuclear material in






This is a photomicrograph showing cytolysis of cells of cultures in
the hanging drop series after 4 days of incubation. X 148,500.






This is a photomicrograph showing cytolysis of cells of cultures in
the hanging drop series after 5 days of incubation. X 148,500.







This is a photomicrograph showing the amount of cellular growth of











This is a photomicrograph showing the amount of cellular growth of
the experimental cultures after 5 days of incubation in the hanging drop
series. X 33,000.

